(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organizatioii 

International Bureau 



'llllllllllllllllllllllillllllllillllllllllllllllllli 



(43) International Publication Date 
3 February 2005 (03.02.2005) 



PCT 



(10) International Publication Number 

WO 2005/009285 A2 



(51) International Patent ClassiUcation'': 
(21) International Application Number: 



(22) International Filing Date: 

(25) Filing Language: 

(26) Publication L 
(30) Priority Data: 



PCT/US2004/023211 
;0 July 2004 (20.07.2004) 



!8,838 



21 July 2003 (2 1 .07.2003) US 



(71) Applicant (for all designated States ejccept US): THE 
TRUSTEES OF THE UNIVERSITY OF PENN- 
SYLVANIA [US/US]; 3160 Chestnut Street, Suite 200, 
Philadelphia, PA 19104-6283 (US). 

! (72) Inventors; and 

I (75) Inventors/Applicants (for US only): HERRMANN, 
: Howard, C. [US/US]; 732 Great Springs Road, Bryn 



Mawr, PA 19010 (US). MANKAME, Nilesh [IN/US]; 
8220 Denwood Drive, Apt. #74, Sterling Heights, MI 
48312 (US). ANANTHASURESH, Suresh, G., K. 
[IN/US]; 3503 Honey Locust Drive, Phoenixville, PA 
19460 (US). 

(74) Agents: CALDWELL, Jolin, W. et al.; Woodcock Wash- 
bum LPP, One Liberty Place - 46th floor, Philadelphia, PA 
19103 (US). 

(81) Designated States (unless otherwise indicated, for ex'ery 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BO, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, H, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KB, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, 
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG, 
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, 
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, 
ZW. 



\ (54) Title: PERCUTANEOUS HEART VALVE 



00 

<s 

ON 
O 
O 




(57) Abstract: A percutaneously inserted 
bistable heart valve prosthesis is folded inside 
a catheter for transseptal delivery to the 
patient's heart for implantation. The heart 
valve has an annular ring, a body member 
having a plurality of legs, each leg connecting 
at one end to the annular ring, claws that are 
adjustable from a first position to a second 
position by application of external force so as 
to allow ingress of surrounding heart tissue into 
the claws in the second position, and leaflet 
membranes connected to the annular ring, 
the body member and/or the legs, the leaflet 
membranes having a first position for blocking 
blood flow therethrough and a second position 
for allowing blood flow therethrough. The heart 
valve is designed such that upon removal of 
the external force the claws elastically revert 
to the first position so as to grip the heart tissue 
positioned within the claws, thereby holding 
the heart valve in place. The body member and 
claws may be integrated into a one-piece design. 
The heart valve may be used as a prosthesis for 
the mitral valve, aortic valve, pulmonary valve, 
or tricuspid valve by adapting the annular ring 
to fit in a respective mitral, aortic, pulmonary, 
or tricuspid valve opening of the heart. 



wo 2005/009285 A2 llllllllillllllllllllllllllllilllllllllllllllli 



(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KB, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, Fl, 
FR, GB, GR, HU, BE, IT, LU, MC, ML, PL, PT, RO, SE, SI, 
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG). 



Published: 

— without international search report and to be republished 
upon receipt of that report 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



wo 2005/009285 



PCT/US2004/023211 



PERCUTANEOUS HEART VALVE 



CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present patent application claims priority to U.S. Provisional Patent 

Application Serial No. 60/488,838, filed July 21, 2003, the contents of which are hereby 
incorporated by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The present invention is directed to a design for a percutaneously inserted bistable 

heart valve prosthesis that may be folded inside a catheter for delivery to the mitral valve and 
other valves of the heart for implantation. 

BACKGROUND OF THE INVENTION 

[0003] Heart valve regurgitation occurs when the heart valve does not close completely 

as a result of disease or injury. Pulmonary valve regurgitation has been shown to increase a 
patient's susceptibiUty to arrhythmias, sudden death and right ventricular dysfunction. Similarly, 
mitral regurgitation due to ischemic and degenerative (prolapse) disease has been shown to 
contribute to left ventricular dysfunction due to remodeling, and to left ventricular dilation, 
resulting in worsening of the mitral regurgitation. Currently, malfunctioning heart valves are 
usually replaced with biologic or mechanical prostheses through open-heart surgery with the 
attendant significant risk of death, stroke, infection, bleeding, and complications due to the use of 
general anesthesia and cardiopulmonary bypass. Such procedures also have significant potential 
for a long recovery period. However, for certain disease states, percutaneous alternatives have 
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been used in place ot open-neart surgery aue to tne lower moroiaiiy ana monaiiiy. t-or instance, 
rheumatic mitral stenosis, a condition in which the mitral valve does not open properly, has been 
treated by inserting a balloon from the femoral vein to enlarge the mitral valve opening. 
[0004] Based on the success of percutaneous balloon valvuplasty for mitral stenosis, 

investigators have explored other alternative methods to treat valvular heart disease without 
surgery. For example, Cribier et al. describe in a report entitled "Percutaneous Transcatheter 
Implantation of an Aortic Valve Prosthesis for Calcific Aortic Stenosis," Circulation, December 
10, 2002, pages 3006-3008, a balloon-expandable stent to which a biologic valve prosthesis is 
sewn. This device is utilized to treat calcific aortic stenosis. In an article entitled "Percutaneous 
Insertion of the Puhnonary Valve," Journal of the American College of Cardiology, Vol. 39, No. 
10, May 15, 2002, pages 1664-1669, BonhoefFer et al. describe a similar stent approach with a 
bovine venous (jugular) valve inserted to treat pulmonic valve disease. Others are developing 
repair techniques for mitral valve disease that involve placing a clip on the mitral leaflets (US 
6,629,534), cinching the mitral annulus from the coronary sinus (US 6,537,314), or deploying an 
inflatable heart valve that is mechanically held in place (US 5,554,185). • 
[0005] Norred (US 6,482,228) discloses a percutaneous aortic valve replacement in 

which a heart valve prosthesis having ribs and a circular elastomeric canopy is folded for 
insertion into a catheter for delivery to the implantation region without surgery. Once in the 
ascending aorta, the body and leaflets of the heart valve prosthesis are opened like an umbrella 
by pulling on a central column of suture-like members. Hinge joints are used to create a 
miniature umbrella. However, the aortic valve prosthesis is anchored using a stent system that is 
extended in the ascending aorta to anchor the valve in the aortic chamiel above the biologic 
aortic valve. The suture-like members used to open the umbrella structure are deployed as part 
of the stent system. Such a design is not amenable to placement of the heart valve prosthesis at 
the location of the biologic valve. 

[0006] Other stented heart valve prostheses are described in the art in which the 

anchoring system is a passive one that requires either balloon expandable stents or a self- 
expanding stent design. For example, such stented designs are described in US 6,454,799, US 
2002/0138138, US 6,582,462, US 6,458,153, US 6,425,916, and US 5,855,601. It will be 
appreciated that once these stented heart valve prostheses are deployed, they cannot be 
repositioned, refolded, or easily removed. Furthermore, the rigidity of the stent as it is deployed 
in calcified positions may allow for regurgitation around the outside of the stent, as has been 
seen in the early aortic valve deployments which utilize this design. It is also difficuU to position 
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these designs as one nas to innate a balloon m a moving column or Diooa wnue me nean is 
beating and one only gets one chance to accurately deploy it. 

[0007] An additional difficulty occurs when deploying a stented heart valve in an annulus 

that is not thickened by calcium. The stent design lends itself slightly better to the aortic position 
where the height of the annulus has been increased and the width thickened by the presence of 
calcium in calcific aortic stenosis. However, when calcium is not present, as in other causes of 
aortic valve disease and in the mitral position, the stent may be difficult to anchor on the 
relatively thin annulus. Furthermore, the nature by which the stent folds on a balloon and then 
expands with plastic deformability limits the ratio of its initial to final size such that it will, by 
necessity, have a fairly large profile making percutaneous insertion via catheter more difficult in 
a valve annulus with a large diameter that has not been reduced by calcium deposition. 
[0008] An improved heart valve prosthesis design is desired that utilizes a folding 

structure that allows a low profile for insertion via a catheter and a large profile once deployed 
but without use of a balloon or stent, thereby allowing a smaller to larger profile range. A heart 
valve prosthesis design is also desired that can be deployed, folded, removed, and then 
redeployed so as to increase the safety as well as the preciseness of the deployment. The present 
invention addresses these and other needs in the heart valve prosthesis art. 

SUMMARY OF THE INVENTION 

[0009] The present invention addresses these and other needs in the heart prosthesis art 

by providing a percutaneously inserted bistable heart valve prosthesis that may be folded inside a 
catheter for delivery to the patient's heart for implantation. The heart valve has an elastic 
annular ring, a body member having a plurality of legs, each leg connecting at one end to the 
annular ring, claws that are adjustable fi-om a first position to a second position by application of 
external force so as to allow ingress of surrounding heart tissue into the claws in the second 
position, and leaflet membranes connected to the annular ring, the body member and/or the legs, 
the leaflet membranes having a first position for blocking blood flow therethrough and a second 
position for allowing blood flow therethrough. The heart valve is designed such that upon 
removal of the external force the claws elastically revert to the first position so as to grip the 
heart tissue positioned within the claws, thereby holding the heart valve in place. The body 
member and claws may be integrated into a one-piece design. The heart valve so designed may 
be used as a prosthesis for the mitral valve, aortic valve, pulmonary valve, or tricuspid valve by 
adapting the annular ring to fit in a respective mitral, aortic, pulmonary, or tricuspid valve 
opening of the heart. 
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member, the legs, the claws and the leaflet membranes fold into a collapsed position for insertion 
into a catheter for percutaneous delivery to the heart for implantation. The heart valve has a first 
stable position after passage through the catheter and a second stable position to which the heart 
valve is forced for implantation. In the second stable position, the body member pushes outward 
on the annular ring to assist anchoring the heart valve in the heart tissue. The elastic annular ring 
also may be expandable so as to expand to anchor the heart valve at the implantation position in 
the valve cavity. 

[0011] Each claw is connected to the annular ring and/or a leg to permit movement of 

each claw from a first claw position to a second claw position. Movement of the claws is 
controlled remotely during the implantation procedure by filaments extending proximally fi-om 
the heart valve and connecting the body member to the claws. 

[0012] The scope of the present invention also includes a method of implanting a bistable 

percutaneous heart valve at an implantation position (heart valve cavity) of a patient. An 
exemplary embodiment of such a method includes the steps of: 

folding the bistable percutaneous heart valve into a collapsed position; 

inserting a catheter into a patient and guiding a distal end of the catheter to a 
position adjacent the implantation position in the patient's heart; 

inserting the folded heart valve into the catheter and advancing the folded heart 
valve to the distal end of the catheter; 

guiding the folded heart valve beyond the distal end of the catheter so as to cause 
the heart valve to elastically unfold to a stable unfolded position; 

forcing the unfolded heart valve into a second stable position 

guiding the heart valve to the implantation position; 

adjusting claws of the heart valve by the application of an external force so as to 
allow ingress of surrounding heart tissue into the claws, whereupon removal of the external force 
the claws elastically revert to a more closed position so as to grip the heart tissue positioned 
within the claws, thereby holding the heart valve in place; and 

removing the guiding device and the catheter. 
[0013] The external force applied to adjust the claws is provided by manipulating at a 

proximal end of the catheter filaments that passes through the catheter and connect at a distal end 
to the claws. The filaments may also be used to switch the heart valve between its two stable 
configurations and to open the claws. The filaments are removed once implantation is completed 
or may be left in the heart valve prosthesis, drawn close to the body member of the heart valve 
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prosthesis so as not to impede Diooa tiow. aeparate nxea lengm luaments attacn one side oi a 
claw to a leg of the body member so that when the longer filaments are pulled beyond a certain 
point the claws are opened further. 

[0014] A significant benefit of such a method is that the steps of guiding the unfolded 

heart valve to the implantation position and adjusting the claws to hold the heart valve in place 
may be repeated until the position, stability and functioning of the heart valve are satisfactory. 
Also, by forming the heart valve fi'om elastic materials, the heart valve may push outward on the 
heart tissue in the stable unfolded position so as to assist anchoring the heart valve in the heart 
tissue. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The present invention will be apparent fi-om the following detailed description of 

the invention in conjunction with the accompanying drawings, of which: 
[0016] Figure 1 A illustrates a side view of a bistable heart valve prosthesis in accordance 

with an embodiment of the invention. 

[0017] Figure IB illustrates the bistable heart valve prosthesis of Figure 1 A with a leaflet 

cut away so that the body member, legs, annular ring, claws, and filaments may be seen more 
clearly. 

[0018] Figure 2A illustrates the bistable heart valve prosthesis of Figure 1 in a folded 

position and inserted into a catheter for delivery to the implantation position in the heart valve 
cavity. 

[0019] Figure 2B illustrates the bistable heart valve prosthesis of Figure 2A with a leaflet 

cut away so that the folded body member, legs, annular ring, claws, and filaments may be seen 
more clearly. 

[0020] Figure 3 A illustrates a side view of the bistable heart valve prosthesis of Figure 2 

after it has emerged from the end of the catheter and elastically expanded to a first stable 
position. 

[0021] Figure 3B illustrates the bistable heart valve prosthesis of Figure 3 A with a leaflet 

cut away so that the body member, legs, annular ring, claws, and filaments may be seen more 
clearly. 

[0022] Figure 4 illustrates the bistable heart valve prosthesis of Figure 3 after the 

filaments have been pulled to cause legs of the heart valve prosthesis to elastically invert like an 
umbrella fi-om the stable position of Figure 3 A to a second stable (inverted) position. 
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force is applied to the filaments to invert the legs past the second stable position, thereby causing 
the claws to open further for placement in the heart valve cavity. 

[0024] Figure 6 illustrates the bistable heart valve prosthesis of Figure 5 where the 

tension on the filaments has been removed and the claws have clamped down on adjacent heart 
tissue. 

[0025] Figure 7 illustrates the placement of a catheter with a folded mitral valve 

prosthesis therein above the mitral valve prior to implantation, 

[0026] Figure 8 illustrates the unfolded mitral valve prosthesis in a first stable position 

within the left atrium. 

[0027] Figure 9 illustrates the mitral valve prosthesis in a second stable position within 

the left atrium after the legs have been inverted by pulling the filaments attached to the body 
member. 

[0028] Figure 10 illustrates the mitral valve prosthesis in the second stable position as it 

is guided to the implantation position (e.g., valve seat). 

[0029] Figure 1 1 illustrates the mitral valve prosthesis at its implantation position in the 

mitral valve cavity once tension from the filaments has been removed to cause the claws to 
clamp dovm on any of the surrounding heart tissue now within the open claws. 
[0030] . Figure 12 illustrates the heart valve prosthesis in its implanted position with the 

catheter removed. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0031] The invention will be described with reference to Figures 1-12. Those skilled in 

the art will appreciate that the description given herein with respect to these figures is for 

exemplary purposes only and is not intended in any way to limit the scope of the invention. All 

questions regarding the scope of the invention may be resolved by referring to the appended 

claims. 

[0032] The heart valve described herein has a triangular-based bistable compliant 

structure that forms the housing for valve leaflets made of standard biologic or artificial 
prosthetic material, such as cryo or chemically preserved bovine pericardium. The structure is 
folded inside a catheter for transseptal delivery to the mitral valve cavity or by direct venous or 
arterial delivery to the aortic valve, pulmonary valve, or tricuspid valve cavities. The folded 
structure is advanced through the catheter by, for example, a smaller diameter guide catheter, to 
the implantation position (e.g., left atrium for mitral valve) where the structure is deployed inside 
the diseased valve. The structure opens to a first stable position when it emerges from the distal 
-6- 
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structure is then anchored on the annulus at multiple (e.g., 3) points. It will be appreciated that 

this design and implantation methodology does not require surgery and that the bistable 

anchoring structure allows for strong, stable implantation, central blood flow, and a stable 

platform for the valve leaflets. Moreover, positioning can be more precise than with a balloon 

expandable device, such as a stent, and, unlike a stent, the positioning may be repeated until the 

desired implantation is accomplished. The heart valve structure described herein also allows 

anchoring to the valve annulus in states where a stent would not have sufficient tissue to adhere, 

as in the case of mitral valve disease. 

[0033] In an exemplary embodiment, the heart valve prosthesis is designed to be placed 

at the site of a diseased heart valve, as distinct from existing heart valve prostheses designs that 
use stents that are placed in the connecting blood vessels. As a result, the ability of the operator 
to be able to reposition and re-anchor the heart valve in order to more accurately position the 
heart valve in the heart valve opening is of increased significance. 

[0034] Figures lA and IB together illustrate a side view of a bistable heart valve 

prosthesis 10 in accordance with an embodiment of the invention. As illustrated, the heart valve 
prosthesis 10 includes an annular ring 12 that is connected to a body member 14 via legs 16 
(Figure IB). In the illustrated embodiment, the legs 16 connect to the annular ring 12 via claws 
18 that open and close in response to tensioning or pulling of filaments 20. As shown, the 
filaments connect to respective sides of claws 18 so that pulling of the filaments 20 from a 
remote location causes the claws 18 to be pulled from an initial relaxed (strain-free) position 
(Figure 1) to the second stable (but not strain-free) position (Figure 4). Pulling the filaments 
further causes the heart valve prosthesis 10 to deform more and to move to a position in which a 
second set of short, fixed length filaments 24 become taut. Pulling the filaments 20 even more 
causes the lower claw 18 to move down, while the upper claw 18 is held fixed by the taut 
filaments 24. This relative motion causes the claws 18 to open (Figure 5) to allow ingress of 
tissue for grasping. Each claw 18 is connected to the annular ring and/or a leg 16 so as to permit 
movement of each claw 18 from the first (relaxed) position to the second (open) position. For 
example, as shown in Figures lA and IB, the claws 18 may be connected to the legs and to the 
annular ring 12 through a hole in the legs that permits the annulus 12 to slide in the hole. Each 
claw 18 is controlled by a filament 20 whereby the claws 18 may be opened in unison or 
independently, depending upon the filament 20 connections. 

[0035] The filaments 20 are weaved through holes 22 in the legs 16 and through the 

center of the body member 14, thereby providing stability and, as will be illustrated in 
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connection witn i-igure 4, a mecnamsm lor invening me Doay memoer 14 irom us siaoie position 
of Figure 1 to another stable position (Figure 4) for implantation. As best shown in Figure IB, 
small filaments 24 are used to hold one side of the claw 18 so that when the other side of the 
claw 18 is pulled using filament 20 the claws 18 open. Finally, at least two leaflets 26 are 
connected to the annular ring 12 in a conventional manner. It will be appreciated that, when the 
bistable heart valve prosthesis 10 is implanted, the existing chordae within the heart that connect 
the old native heart valve to the papillary muscles may function to help retain the leaflets 26 in 
the proper positions and to improve left ventricular flinction. 

[0036] Figures 2A and 2B together illustrate the bistable heart valve prosthesis 10 of 

Figure 1 in a folded position and inserted into a catheter 28 for transseptal delivery to the 
implantation position in the heart valve cavity. As illustrated, a guiding mechanism 30, such as a 
smaller diameter guiding catheter attached to the heart valve prosthesis 10, is used to guide it 
through the catheter 28 and to guide the filaments 20 to a proximal end of catheter 28 for remote 
operation by the surgeon or other operator. Conversely, the filaments 20 may be attached to a 
single fastener (not shown) which, in turn, is attached to the distal end of the smaller diameter 
guiding catheter 30. The fastener may then be detachable (for example, by a microscrew) firom 
the smaller diameter guiding catheter 30 for fmal release of the heart valve prosthesis 10 upon 
implantation. 

[0037] Figures 3A and 3B together illustrate a side view of the bistable heart valve 

prosthesis 10 of Figure 2 after it has emerged fi-om the end of the catheter 28 and elastically 
expanded to a first stable position. The body member 14 and annular ring 12 of the heart valve 
prosthesis 10 are preferably made of a sturdy but compliant, elastic material such as nitinol or a 
deformable plastic so that when the heart valve prosthesis 10 emerges firom the distal end of the 
catheter 28, the body member 14 and annular ring 12 snap back to a first stable position (like a 
regular opened umbrella). It will be appreciated that the legs 16 may be curved to increase 
stiffness and arranged to bend in radially when in the collapsed position (Figures 2A and 2B). 
The legs 16 also may be tapered along their width to allow for minimal blockage of the blood 
flow once the heart valve prosthesis 10 is implanted. Although the illustrated embodiment has 
three legs 16 that are approximately symmetrically spaced (e.g., 120° apart), it will be 
appreciated that more or fewer legs and different spacings may also be used. 
[0038] Figure 4 illustrates the bistable heart valve prosthesis 10 of Figure 3 after the 

filaments 20 have been pulled to cause the heart valve prosthesis 10 to elastically invert like an 
umbrella fi'om the stable position of Figure 3A to a second stable (inverted) position of Figure 4. 
In other words, the body member 14 and legs 16 are sufficiently compliant such that when the 
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stable position shown in Figure 4. As will be explained in more detail below, this feature of the 
invention facilitates mounting of the heart valve prosthesis 10 in the heart valve cavity. 
[0039] Figure 5 illustrates the bistable heart valve prosthesis 10 of Figure 4 where more 

force is applied to the filaments 20 to cause the claws 18 to open further for placement in the 
heart valve cavity. As also shown, the body member 14 is moved from the second stable 
position of Figure 4 to a more proximal, unstable position. 

[0040] Figure 6 illustrates the bistable heart valve prosthesis 10 of Figure 5 where the 

tension on the filaments 20 has been removed once the heart valve prosthesis 10 is at the 
implantation position in the heart valve cavity and the claws 18 have clamped down on adjacent 
heart tissue 32. 

[0041] The size (radius) of the heart valve prosthesis 10 is varied in accordance with 

whether the heart valve prosthesis 10 is to be used to repair or replace the mitral valve, the aortic 
valve, the pulmonary valve, or the tricuspid valve. These dimensions (typically 20-30 mm) may 
be readily determined by techniques known by those skilled in the art. All elements are then 
scaled accordingly. Also, those skilled in the art will appreciate that the heart valve prosthesis 10 
may be mounted in a reverse fashion on the smaller diameter guiding catheter 30 for retrograde 
implantation at such other heart valve positions. 

[0042] The surgical procedure for implanting the bistable percutaneous heart valve 

prosthesis 10 will now be described with respect to Figures 7-12 for the example of implantation 
of a mitral valve prosthesis. It will be understood from the following description that the 
catheter 28 would be placed at different positions with respect to the valve cavities in the event 
that the heart valve prosthesis to be implanted is a prosthetic puhnonary valve, tricuspid valve, or 
aortic valve. Also, noted above, the heart valve prosthesis 10 would have different dimensions 
for the different implantation positions. 

[0043] To implant the heart valve prosthesis 10, during surgery the heart valve prosthesis 

10 described above with respect to Figures 1-6 is folded into its collapsed position (Figures 2 A 
and 2B) and a catheter 28 with a suitably sized lumen for accepting the folded heart valve 
prosthesis 10 is inserted into the patient and guided in a conventional fashion to a position 
adjacent an implantation position in a patient's heart (for example, adjacent the mitral valve, the 
pulmonary valve, the tricuspid valve, or the aortic valve). Once the catheter 28 is in place, the 
folded heart valve prosthesis 10 is inserted into the catheter 28 and guided to the distal end of the 
catheter 28 using a smaller diameter guiding catheter 30. In turn, the smaller diameter guiding 
catheter 30 may accept a guide wire (not shown) for guiding the smaller diameter guiding 



wo 2005/009285 PCT/US2004/023211 
catheter 3U ttirougn tne catneter ana me nean cnamDers. as snown m jt* igure /, me cameier 
28 enters the heart 34 via the inferior vena cava or superior vena cava, passes through the right 
atrium 36, across the interatrial septum 37, and into the left atrium 38 above the mitral valve 40. 
[0044] Once the catheter 28 is in place and the heart valve prosthesis 10 has been guided 

to the distal end of the catheter 28, the heart valve prosthesis 10 is unfolded to a first stable 
position by pushing it out of the distal end of the catheter 28 (Figure 8). Generally, the natural 
elasticity of the annular ring 12 and body member 14 causes the heart valve prosthesis 10 to snap 
to this first stable position once it is beyond the end of the catheter 28. The heart valve 
prosthesis 10 is then "snapped-through" from this first stable position to a second stable position 
by pulling on the filaments 20 as described above. The "snapped-through" heart valve prosthesis 
10 is illustrated in Figure 9. 

[0045] The heart valve prosthesis 10 in the second stable position is then guided to the 

implantation position (e.g., valve seat) as shown in Figure 10 using the smaller diameter guidmg 
catheter 30. Imaging devices (not shown) may be used to permit the surgeon (operator) to watch 
the movement of the heart valve prosthesis 10 to the implantation position. Tension on the 
filaments 20 and 24 is released once the heart valve prosthesis 10 is in position (Figure 10), 
thereby releasing the tension holding open the claws 18 and deforming the body member 14. As 
shown in Figure 11, removing the tension from the filaments 20 causes the claws 18 to clamp 
closed in their snapped equilibrium position, thereby clamping down on any of the surrounding 
heart tissue 32 now disposed within the claws 18. The filaments 20 are again locked to the 
catheter 28. The steps of releasing the tension on filament 20 and pushing the heart valve 
prosthesis 20 to cause deformation may be conducted simuUaneously. The surgeon (operator) 
may continue to push down on the heart valve prosthesis 10 and checking the stability of the 
implantation of the heart valve prosthesis 10 until it is determined that the heart valve prosthesis 
10 is stably implanted and that the claws 18 "bite" sufficiently into the heart tissue 32. These 
steps of pushing down on the heart valve prosthesis 10 and checking the "bite" of the claws 18 
may be reversed and repeated for one or all of the claws 18 until the location and orientation of 
the heart valve prosthesis 10 and stability of implantation are acceptable. When properly placed, 
the claws 18 maintain a tight grip on the heart tissue 32 so as to hold the heart valve prosthesis 
10 in place. It also will be appreciated that once the filaments 20 and 24 are released and 
allowed to become slack that the legs 16 will have opened out radially into their final positions. 
The filaments 20 are then released from the smaller diameter guiding catheter 30 by, for 
example, unscrewing a microscrew, and the smaller diameter guiding catheter 30 is slowly 
disengaged from the body member 14. It is noted that the heart valve prosthesis 10 may move a 
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problem so long as the claws 18 have a suitable grip on the heart tissue 32. However, it will be 
appreciated that if the operator observes too much movement of the implanted heart valve 
prosthesis 10 that the catheter 28 may be used to push down on the heart valve prosthesis 10 to 
recheck the implantation stability. Thus, unlike balloon expandable devices with stents, the heart 
valve prosthesis 10 described herein is redeployable and may be positively, as opposed to 
passively, anchored. The catheter 28 and the smaller diameter guiding catheter 30 are then 
extracted. Figure 12 illustrates the heart valve prosthesis 10 in its implanted position with the 
catheter 28 removed. 

[00461 It will be appreciated that as the heart valve prosthesis 10 is being pushed down to 

be seated in the valve cavity that the elasticity of the annular ring 12 permits it to be distorted to 
the shape of the non-circular ring profile of the implantation position in the valve cavity. 
Typically, most of the shape distortion is in the plane of the annular ring 12. The elasticity of the 
annular ring 12 causes it to push radially against the heart tissue 32 at the implantation position 
as the annular ring 12 attempts to spring back to its original annular shape. The resulting elastic 
force functions to hold the heart valve prosthesis 10 in position. It will be further appreciated 
that, once implanted, the body member 14 in its inverted stable position also has great stability 
and strength (like an inverted umbrella) and pushes outward on the annular ring 12 so as to 
further assist anchoring the heart valve prosthesis 10 in the heart tissue 32. 
[0047] Although implementations of the invention have been described in detail above, 

those skilled in the art will readily appreciate that many additional modifications are possible 
without materially departing fi-om the novel teachings and advantages of the invention. For 
example, those skilled in the art will appreciate that the body member, legs, and claws may be 
integrated into a one-piece design for reliability, safety, and ease of manufacture. As another 
example, the filaments 24 may be replaced by a motion restraint such as a protrusion that 
contacts either the legs 16 or either side of the claws 18 to limit movement. Any such 
modifications are intended to be included within the scope of the invention as defined in the 
following claims. 



wo 2005/009285 
irnat is ciaimea: 



PCT/US2004/023211 



1 . A bistable percutaneous heart valve, comprising: 
an elastic annular ring; 

a body member having a pluraUty of legs, each leg connecting at one end to said annular 

ring; 

at least two claws that are adjustable from a first position to a second position by 
application of external force so as to allow ingress of surrounding heart tissue into said claws in 
said second position, wherein upon removal of the external force the claws elastically revert to 
the first position so as to grip the heart tissue positioned within the claws, thereby holding said 
heart valve in place; and 

at least one leaflet membrane connected to at least one of said annular ring, said body 
member and said legs, said at least one leaflet membrane having a first position for blocking 
blood flow therethrough and a second position for allowing blood flow therethrough. 

2. A heart valve as in claim 1, wherein said annular ring is adapted to fit in a mitral 
valve opening of a heart. 

3. A heart valve as in claim 1, wherein said annular ring is adapted to fit in an aortic 
valve opening of a heart. 

4. A heart valve as in claim 1, wherein said annular ring is adapted to fit in a 
pulmonary valve opening of a heart. 

5. A heart valve as in claim 1, wherein said annular ring is adapted to fit in a 
tricuspid valve opening of a heart. 

6. A heart valve as in claim 1, wherein said annular ring, said body member, said 
legs, said claws and said at least one leaflet membrane fold into a collapsed position for insertion 
into a catheter for percutaneous delivery to the heart for implantation. 
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after passage through the catheter and a second stable position to which the heart valve is forced 
for implantation. 

8. A heart valve as in claim 7, wherein said body member and legs push outward on 
said annular ring in said second stable position so as to assist anchoring said heart valve in said 
heart tissue. 

9. A heart valve as in claim 1, wherein said annular ring is expandable radially to 
anchor the heart valve at an implantation position. 

10. A heart valve as in claim 7, wherein each claw is connected to at least one of said 
annular ring and a leg so as to permit movement of each claw from said first position to said 
second position. 

11. A heart valve as in claim 1 , wherein further comprising at least one filament 
connecting said body member to said claws, said filament extending proximally from said heart 
valve so as to permit control of said claws between said first and second positions from a 
location remote from an implantation position of said heart valve. 

12. A heart valve as in claim 1 1, further comprising a motion restraint that restrains 
one side of said claws while said at least one filament is connected to another side of said claws, 
whereby pulling said at least one filament causes the claws to open. 

13. A heart valve as in claim 1 , wherein said body member and claws are integrated 
into a one-piece design. 

14. A bistable percutaneous heart valve, comprising: 
an expandable elastic annular ring; 

a body member having a plurality of legs, each leg connecting at one end to said 
annular ring; 

at least two claws that are adjustable to guide said heart valve to an implantation 
position; and 
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member and said legs, said at least one leaflet membrane having a first position for blocking 
blood flow therethrough and a second position for allowing blood flow therethrough, 

wherein said expandable annular ring expands to anchor said heart valve at said 
implantation position. 

15. A heart valve as in claim 14, wherein said annular ring, said body member, said 
legs, said claws and said at least one leaflet membrane fold into a collapsed position for insertion 
into a catheter for percutaneous delivery to the implantation position. 

16. A method of implanting a bistable percutaneous heart valve, comprising the steps 

of: 

folding said bistable percutaneous heart valve into a collapsed position; 

inserting a catheter into a patient and guiding a distal end of said catheter to a position 
adjacent an implantation position in a patient's heart; 

inserting said folded heart valve into said catheter and steering said folded heart valve 
to said distal end of said catheter using a guiding device; 

guiding said folded heart valve beyond said distal end of said catheter so as to cause 
said heart valve to elastically unfold to a stable unfolded position; 

forcing the unfolded heart valve into a second stable position; 

guiding the heart valve to the implantation position; 

adjusting at least two claws of said heart valve by the application of an external force so 
as to allow ingress of surrounding heart tissue into said claws, whereupon removal of the 
external force the claws elastically revert to an initial position so as to grip the heart tissue 
positioned within the claws, thereby holding said heart valve in place; and 

removing the guiding device and the catheter. 

17. A method as in claim 16, comprising the further step of repeating the steps of 
guiding the unfolded heart valve to the implantation position and adjusting the claws to hold the 
heart valve in place until the position, stability and functioning of the heart valve are satisfactory. 

18. A method as in claim 16, wherein said implantation position is a mitral valve 
opening of the heart. 
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opening of the heart. 

20. A method as in claim 16, wherein said implantation position is a pulmonary valve 
opening of the heart. 

21. A method as in claim 1 6, wherein said implantation position is a tricuspid valve 
opening of the heart. 

22. A method as in claim 16, wherein an elastic annular ring of the heart valve pushes 
outward on heart tissue m the stable unfolded position so as to assist anchoring said heart valve 
in said heart tissue. 

23. A method as in claim 16, wherem said external force is applied in said claws 
adjusting step by manipulating at a proximal end of said catheter at least one filament that passes 
through said catheter and coimects at a distal end to said claws so as to cause said claws to move 
to a position permitting said ingress of surrounding heart tissue into said claws. 

24. A method as in claim 23, wherein said at least one filament is further used to 
switch the heart valve firom the stable unfolded position to the second stable position prior to 
implantation. 
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